This is the accepted version of the paper.
INTRODUCTION

22
The concern about wind and traffic-induced vibrations of structures have in- 
58
This limit can also be easily exceeded anywhere on the deck if the pavement irreg- 
113
The arched structure is adopted due to the shape of the valley as shown in Figure   114 2. 
and the second parallel profile at distance 2b is defined by (Sayers 1988):
in which N is the number of discrete frequencies n i in range [n min , n max ], ∆n is the 145 increment between successive frequencies, φ i is the random phase angle uniformly 146 distributed from 0 to 2π, θ i is other random uniformly distributed phase angles. 
177
TURBULENT CROSSWIND GENERATION
178
The turbulent crosswind is characterized by its stochastic properties: turbu-179 lence intensity, integral length scale, power spectral density function and coher-180 ence function. For a certain point at height z in space, the wind speed U (x, y, z, t)
181
is composed of three components:
where U is the mean wind speed and u(t), v(t), w(t) are the fluctuating compo-183 nents of the wind in the longitudinal, lateral and vertical directions, respectively.
184
The mean wind speed depends on the height z, the terrain roughness and terrain 185 orography. The mean speed is adopted by the following expression (CEN 2005b): 
195
The generation of the turbulent wind speed time-histories in different points
196
in space is carried out by applying the method proposed by Veers (Veers 1988), 197 considering that these time-histories of wind speed are different but are not in- 
WIND-VEHICLE-BRIDGE INTERACTION
216
The coupled vehicle-bridge system under turbulent crosswind is governed by 217 a complicated dynamic interaction problem that involves interaction between the 218 wind and the vehicle, the wind and the bridge, and the vehicle and the bridge.
219
The interaction wind-vehicle and wind-bridge interaction is modelled through the The augmented Lagrange method is applied then for the kinematic relations to the interaction can be determined as:
where 
where F each instant t as follows:
where u(t) and v(t) are the longitudinal and horizontal components of turbulent 266 crosswind, respectively. It should be noted that the wind time-history applied on 267 the running vehicle is different from that applied on the surrounding nodes of the 268 deck, from which it is linearly interpolated maintaining the compatibility.
269
Wind forces on the bridge
270
Based on the buffeting theory, the wind induced forces on the bridge structure 
where U R is the instantaneous relative wind velocity,
are drag, lift and moment aerodynamic coefficients that are functions of the angle 276 of wind incidence α e (see Fig. 6 ), D and B are height and width of deck bridge 277 section. In structural axis, the equation (9) is transformed into:
The formulation using the Scalan's frequency dependent flutter derivatives 
where F s , B·v and C ae ·ṙ+K ae ·r represent the static, aerodynamic and aeroelastic 284 effects, respectively, and are defined as: The static and aerodynamic parts can be introduced into the structural elements 295 via nodal forces in Abaqus software. However, due to the structural motion 296 dependence of the aeroelastic part there is no direct way to introduce these forces 297 in Abaqus software. In order to model the aeroelastic wind forces an user element 298 has been developed within Abaqus using user subroutine UEL (SIMULIA 2011).
299
The basic idea used here is that the user element is attached to each node of the bridge element has six degrees of freedom).
304
It is noted that the forces F i generated by user element must be the same 305 aeroelastic wind forces acting on this node, therefore, the nodal forces F i can be 
where l wi is the length along which the wind forces acting on the structural 311 element are lumped to the node i. The above definition of the UEL is presented 312 with generality and it is readily applicable to any FE software. Further details on 313 the specified implementation of this UEL to Abaqus are described in Appendix
314
II. Using this methodology, the wind induced forces are applied to all the bridge 315 elements, including the deck, the arch and the piers.
316
RESULTS AND DISCUSSION
317
The deck of the Wild bridge has been designed to support two road lanes and the impact effect can be observed when the vehicle enters and leaves the bridge.
355
Such peak acceleration at the deck nearby the abutments would far exceed the The dominance of the first vertical mode is observed, specially for strong winds Hz increases significantly the response as shown in Fig. 11(b) .
408
Effects of crosswind on the road vehicle vibration
409
In this section, the ride comfort and safety of road vehicle are addressed 410 through the accelerations at the driver seat (see Fig. 3 ), the contact forces be- hardly affected by crosswinds below ranging from 5 to 20 m/s (see Fig. 12(a) ), 420 which is also noticed for the the weighted RMS accelerations (see Fig. 12(b) ). in Fig. 14(b) .
451
Vehicle accidents can be categorized in three main types: overturning, side- to quantify the load transference and is defined as:
where F L and F R are the vertical tire reactions on the left (leeward) and right centre, and therefore these wheels govern the overturning accident.
477
Based on the LTR, the critical wind speed can be determined for each vehicle The user element is composed by 2 nodes. Each node has six degrees of 
According to (SIMULIA 2011), for the integration dynamic analysis the residual 650 quantity and the element Jacobian at time t+∆t must be determined as following 
